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Introduction
Central banks increasingly explain their decisions with the need to keep inflation expectations well anchored. While there is a general agreement that well-anchored long-term inflation expectations should not respond to short-term oriented macroeconomic news, it is not obvious how to implement this anchoring criterion empirically. Following Gürkaynak et al. (2010b) , the predominant part of the literature regresses long-term inflation expectations on the surprise component contained in macroeconomic news announcements (MNAs). In accordance with e.g. Bauer (2015) and Nautz and Strohsal (2015) , a significant reaction of expectations to MNA surprises implies de-anchored expectations and a lack of central bank credibility. This part of the literature restricts the attention to the instantaneous response of inflation expectations to MNA surprises. Thus, it cannot account for the complex dynamics of inflation expectations. In particular, if the effect of news on expectations is very persistent, the de-anchoring problem might be more severe than the immediate response of expectations seems to suggest.
A second strand of the literature builds on the fact that short-term inflation expectations react much stronger to macro news than longer-term expectations. Therefore, following Jochmann et al. (2010) , spill-overs from short-to long-term expectations are seen as a sign of de-anchoring, see e.g. Ehrmann (2015) and Strohsal et al. (2016) . Although these contributions use short-term inflation expectations as a variable summarizing macro news shocks, they do not account for the information content of observable MNA surprises. Nautz et al. (2017) , for example, use a structural VAR model for short-and long-term inflation expectations to analyze the de-anchoring of U.S. inflation expectations stirred by macro news shocks. The unobservable macro news shocks are identified by restricting their long-run impact on long-term inflation expectations to be zero. This identification strategy has two important drawbacks. First, the identifying long-run restriction implies the possibly controversial assumption that expectations are completely anchored in the long run. Second, the estimated macro news shocks may only be loosely connected to actual news about shortrun economic developments. However, a weak link of estimated shocks with observable information, like MNA surprises, severely undermines the credibility of the identification strategy and, thus, of the whole empirical analysis. This paper tries to bridge the gap between both strands of the empirical literature. To that aim, we use MNA surprises as proxy variables to identify unobservable macro news shocks in a structural VAR framework (see Stock and Watson, 2012, Mertens and Ravn, 2013) . Using a proxy SVAR allows us to investigate the dynamic impact of macro news shocks on U.S. inflation expectations, where the identified shocks correlate with observable information on short-run economic developments by construction. Moreover, since no longrun restriction has to be imposed, our results are not based on the a priori assumption that inflation expectations are anchored in the long run.
Our empirical results indicate a non-negligible degree of short-run de-anchoring of U.S. inflation expectations. Macro news shocks have a significant impact on long-term inflation expectations for up to 50 trading days. The response, however, fades out eventually, confirming that expectations are anchored in the longer run. In the following section, we describe the proxy SVAR model and our identification strategy. Section 3 presents the empirical results for U.S. inflation expectations, and Section 4 concludes. Following Nautz et al. (2017) , the starting point of our analysis is a reduced-form VAR model for short-and long-term inflation expectations:
The Identification of Macro News Shocks in a Proxy SVAR
c is a vector of constants, the matrix Π(L) in lag polynomials captures the autoregressive part of the model, and u s,t and u l,t are reduced-form shocks with covariance matrix Σ u .
Reduced-form models are not informative about the various economic forces that can move inflation expectations away from their anchor. Therefore, we aim to identify structural macro news shocks that should reflect all new information about short-run economic developments that have no implications for the long run. Accordingly, these shocks should have a significant impact on short-term inflation expectations, while they should not affect firmly anchored long-term inflation expectations.
In the following, we show how the proxy SVAR approach developed by Stock and Watson (2012) and Mertens and Ravn (2013) can be used to identify structural macro news shocks.
Suppose that the two reduced-form innovations u t of the VAR are related to two structural shocks, the macro news shock ε news t and a second shock ε * t , as follows:
The 2 × 1 vector b news captures the impact impulse vector to a macro news shock. Note that ε * t is uncorrelated with the macro news shock and, thus, plays no role for the assessment of expectations anchoring. It can be left unidentified in the proxy SVAR. 1
Identification of the macro news shock in the proxy VAR exploits its correlation with a set of proxy variables (or external instruments) m t , whereas the proxies need to be uncorrelated with the other structural shock:
Under these conditions, the relative responses of the variables in the system to a macro news shock, b news long /b news short , can be consistently estimated using the correlation between m t and the estimated reduced-form residuals. Note that this relative response allows to compute the response of long-term expectations to a macro news shock that affects short-term inflation expectations by a pre-scaled amount on impact. Additionally assuming that Σ ε = I, Mertens and Ravn (2013) show how to then fully retrieve b news .
In our application, the proxy variables m t are a set of MNA surprises. Following Gertler and Karadi (2015) and Cesa-Bianchi et al. (2015) , the proxy SVAR is implemented using a two stage least squares approach. In the first stage, the estimated series of reduced-form shocks for short-term inflation expectations, u s t , is regressed on the set of proxy variables m t :
This yields the fitted valuesû t s =τm t which capture the variation in u s t due to the proxy variables and, thus, due to the macro news shocks. In the second stage regression,
γ is a consistent estimate of b news long /b news short , see Gertler and Karadi (2015) .
Data and Empirical Results

Inflation expectations
Our empirical analysis is based on inflation expectations derived from daily data for inflation- caused by market turbulences during the financial crisis. It is important to note that our results are robust regarding the employed measures and adjustments for liquidity and risk. 2 2 The Appendix contains a comprehensive robustness and sensitivity analysis. It shows that the main results are robust to using BEI rates with alternative maturities (e.g. one year forward nine years ahead), adjusting the data with different regression based approach for liquidity and financial market risk, or using inflation
The development of short-and long-term inflation expectations is displayed in Figure 1 . 
MNA surprises
MNA surprises are natural candidates for the proxy variables m t to identify the unobservable macro news shocks, since they capture the difference between the actual realization of a macroeconomic variable and its expected value. We collect 33 MNAs from Bloomberg, covering the lion's share of available MNAs and including all important ones. The complete list can be found in Table 3 in the Appendix. For each variable, we obtain the actual data release and the expected realization taken from a survey of economists. MNA surprises are swap data instead of BEI rates to capture expectations. Also, the results are qualitatively robust to estimating the model based on a sample period with only data from before the financial crisis. the difference between the two. The resulting series are standardized prior to the estimation to make them comparable. Most of the MNA series realize once a month, with a few exceptions that are realized quarterly, like GDP growth, or weekly, like initial jobless claims.
Identification of macro news shocks
For the proxy SVAR approach to work, conditions (3a) and (3b) need to be fulfilled. While these conditions are not directly testable as the structural shocks are unobserved, one can test whether there is a sufficiently strong correlation between the proxies and the reducedform VAR innovations. In line with e.g. Gertler and Karadi (2015) , this is a prerequisite for the proxies not being a weak instrument, but a relevant one that is sufficiently correlated with the structural shock of interest. Therefore, our empirical application proceeds as follow. First, we estimate the reducedform VAR for short-and long-term inflation expectations to obtain the reduced-form shocks, u t s andû t l . 3 Then, in order to avoid a weak instrument problem, we maximize the correlation (F-statistic) between the set of proxy variables andû t s . Following a general to specific approach, we obtain an optimal set of proxies that contains surprises related to the consumer price index, industrial production, initial jobless claims, the conference board leading economic index, and non-farm payrolls. The results from the first stage identification regression are presented in Table 1 . Interestingly, the R-square is of the same order of magnitude usually found in news regressions. Notice further that the resulting F-statistic (11.98) is well above the recommended value of ten usually required for relevant instruments in the identification approach.
The response of long-term inflation expectations to macro news shocks
Having identified the structural macro news shocks with the proxy variables, we now evaluate the dynamic impact of the shocks on U.S. inflation expectations. Figure 2 displays the for statistical interference a fixed-design wild bootstrap procedure is applied that accounts for estimation uncertainty in both stages of the structural VAR estimation: reduced-form estimation and identification regressions. Since the bootstrap takes both sources of uncertainty into account, confidence bands in proxy SVAR models are expected to be relatively
wide. Yet, in our application, the response of long-term expectations stays significantly positive for about 50 trading days. Therefore, the impact of macro news shocks on long-term expectations is far from negligible in the short run. In the long run, however, the response fades out and expectations return to their pre-shock level eventually. In accordance with Nautz et al. (2017) , this indicates that inflation expectations are anchored in long run. Forecast error variance decompositions can be used to further evaluate the importance of macro news shocks for the variance of long-term inflation expectations and, thus, the degree of short-run de-anchoring. 4 According to Table 2 , the influence of macro news shocks on the forecast error variance of long-term inflation expectations is substantial. In the short run, the fraction of variance explained by the shock is 16%, while over time this slightly declines to 11%. This indicates that even though expectations are anchored in the long run, they are still considerably influenced by macro news shocks. 
Conclusion
This paper proposes a proxy SVAR model as a tool to analyze the impact of macro news
shocks on inflation expectations. Using MNA surprises as proxy variables for unobservable structural macro news shocks has two major advantages. First, the proxy SVAR does not a priori assume inflation expectations to be anchored in the long run. Second, the economic interpretation of the empirical results is not controversial because the identified macro news shocks are correlated with MNA surprises by construction. While macro news shocks are found to be a significant source of short-run distortions, our results confirm that U.S. inflation expectations are anchored in the long run. Table 3 Inflation swap rates End-of-day rates on US zero-coupon inflation swaps. Source: Bloomberg.
Relative trading volume of inflation-indexed bonds
Trading volume of inflation-indexed treasury bonds divided by trading volume of nominal treasury bonds. Source: Federal Reserve Bank of New York. The trading volume is published about once a week. We set all days with no observation equal to the last observed relative volume.
VIX
Option-implied volatility index. Source: Chicago Board Options Exchange, retrieved from St. Louis FRED.
Corporate bond spread Spread between AAA-rated corporate bond yields and nominal government bond yields. Source: Bloomberg, own calculations.
B. Sensitivity and robustness analysis B.1. Alternative measures of short-term and long-term expectations
In this appendix, we evaluate the sensitivity of the main results to various modifications in the specification. First, we assess whether results are robust to the specific definition of short-term expectations. For this, the model is re-estimated replacing the three year spot BEI rate by the two and four year spot BEI rate, respectively. The response of long-term expectations to the macro news shock and, thus, results regarding the anchoring of expectations are basically unchanged by this alteration (see Figure 4 in the Appendix).
Then, we also re-estimate the model using a different measure of long-term inflation expectations. Specifically, we replace the five year five year forward BEI rate from the baseline specification by the one year nine year forward BEI rate, the inflation expectations over one year in nine years. While the five year five year forward is often used in the anchoring literature and central banks closely monitor it, the rate might still entail some business cycle component that potentially influences its reaction to the macro news shock. Therefore, as a sensitivity check, we use a rate that solely covers a period even further into the future. An impulse response for the corresponding model can be found in Appendix C, Figure 5 panel a). The effects of macro news shocks on long-term expectations are found to be very similar to the baseline specification.
B.2. Inflation swap rates instead of BEI rates
Next, we assess the sensitivity of the results to generally using break-even inflation rates from treasury bonds as financial market based measures of expectations, since break-even rates potentially include a distorting liquidity premium. Therefore, we re-estimate the bivariate model replacing the BEI rates by expectation measures based on inflation swaps following Bauer (2015). 5 While swap rates also include a liquidity premium, the premium 5 Inflation swaps are financial arrangements in which one party pays the CPI inflation rate on an underlying notional amount while the other party pays a fixed interest rate on the same notional. Specifically, we use is not necessarily connected to the one in BEI rates. Therefore, using them is a useful exercise to evaluate the sensitivity of the main results. Specifically, we use swap rates with the same maturities as in the baseline model. The results from the model with swap data can be found in Appendix C in Figure 5 panel b) . The impulse response shows a reaction of long-term inflation expectations to the macro news shock that is very similar to the one in the baseline specification, but with the response fading out slightly later.
B.3. Liquidity adjustment for BEI rates
We also evaluate the sensitivity of the estimates by following an approach that is often used in the literature to deal with the issue of liquidity premia: pre-filtering BEI rates by regressing them on measures of liquidity risk. For this purpose, different measures of liquidity risks are brought forward. We use two approaches based on the relative trading volume on inflation-indexed treasury bond markets (see Gürkaynak et al., 2010b , Bauer, 2015 , Nautz and Strohsal, 2015 and the implied stock market volatility (VIX) (see Galati et al., 2011 , Christensen and Gillan, 2012 , Nautz et al., 2017 , Netsunajev and Winkelmann, 2016 , respectively. 6 The results using the pre-filtered data can be found in Appendix C in Figure   5 panels c) and d). The impulse response of VIX-pre-filtered long-term expectations to the macro news shock is very similar to the one with the unfiltered baseline data. Filtering with market volume, on the other hand, yields a more persistent response that nevertheless also fades out eventually.
data on end-of-day rates of U.S. zero-coupon inflation swaps from Bloomberg. Zero-coupon means that no payments are received until the settlement date of the arrangement. The data is available for maturities from two to ten years, so that we can use the three year swap rate and construct a five year five year forward swap rate as for the BEI rates in the baseline specification. 6 We do not use the pre-filtered BEI rates in the baseline specification for several reasons. First, the filtered rates from the two approaches differ considerably and it is not a priori clear which one to prefer. Second, the prefiltering regressions are very sensitive to the specification of the sample. Therefore, results from a pre-crisis estimation as carried out in Section B.4 would have been difficult to compare to the baseline model. Similarly, also a robustness check with inflation swap data would not have a straightforward interpretation. Third, prefiltering the data with a regression based approach potentially induces a generated regressor problem that is difficult to correct for in the context of the SVAR model. The difference in inflation anchoring between sample periods is also reflected in the forecast error variance decompositions. The corresponding decomposition for the pre-crisis sample (see Table 5 in Appendix D) shows that macro news shocks contribute only half as much to the variance of long-term expectations as found for the post-crisis baseline. Thus, the dynamic SVAR approach indicates a stronger de-anchoring of inflation expectations with respect to macroeconomic news after the crisis, as also found in news-regressions (see Galati et al., 2011 , Autrup and Grothe, 2014 , or Nautz and Strohsal, 2015 . 7 Note that the immediate aftermath of the Lehman brothers bankruptcy is thus excluded from both baseline and pre-crisis sample. This is necessary as the associated financial market turmoil severely distorted the information content of market based inflation expectations. 8 Note that the response of short-term expectations to a unit macro news shock, on the other hand, is quantitatively almost identical in both sample periods. Corresponding IRFs are available upon request. 
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